In view of the phenomena of energy waste, environmental pollution and increase of operating cost caused by the braking of the rail transport vehicle, the storage and regeneration of bidirectional DC/DC converter control system is designed, It takes TMS320F28035 DSP as the core control circuit, and adopts voltage and current double closed loop PI control. The system realizes the storage and regeneration of energy during operation. The experiment shows that the system has high reliability and anti-interference ability, so it can be popularized and applied.
Constitution and principle of control system
In orbit, the structure of a power supply system incorporating a bidirectional DC-DC converter is shown in figure 1. The system consists of a storage battery or a power supply network, a bidirectional DC-DC converter, a super capacitor set, an inverter and a He Yongci synchronous machine. In the process of vehicle braking charging, the average charging current is determined according to the regenerative braking power and the capacitor voltage of the locomotive, and the charging process can be automatically ended when the super capacitor voltage reaches the highest charging voltage.
In the discharge process, the discharge current is output port of control chip , and by the drive circuit to isolate the signal after the drive, the main circuit switching device IGBT Work according to the required duty cycle. thus achieve the recovery of braking energy and reuse. To sum up the analysis can be seen, according to the different operation condition of the vehicle and power supply voltage, the controller control bidirectional DC/DC converter to achieve super capacitor energy storage system and inverter energy exchange, and achieve energy storage utilization. 
DSP control block diagram
The TMS320F28035 control circuit is the core part of the system, and its block diagram is shown in figure 3 .
The system consists of five parts, such as DSP digital system, touch sensitive interface circuit, IGBT drive circuit, CAN communication circuit and keyboard display circuit. The functions of each part are as follows:
(1) the main task of DSP digital system is receiving the upper control computer or run vehicle bus from the given conditions according to the given information and instructions, Then according to the given, To compare and calculate the physical quantities such as voltage, current with setting value ,the output PWM switch control pulse and the signal control system; (2) analog analog interface circuit converts the strong current signal into weak current signal for digital sampling of DSP; (3) the IGBT drive circuit converts the DSP system's signal into the pulse signal that can drive IGBT, and meanwhile, when the IGBT has short circuit or over-current fault, it sends back the fault signal to the DSP system; (4) the function of the keyboard display circuit is to set various instructions and parameters through the keyboard, display the various states of the system operation, and record the system history running fault. 
software design
As shown in Figure 5 
experiment debugging and result analysis
The bidirectional DC-DC converter system has been successfully implemented. The main parameters of the system are as follows: the voltage range of the power grid is between DC163.2V and DC288V, the actual test was DC210V at the time of the experiment, rated power of permanent magnet synchronous shock motor is 22kW * 2. Bidirectional DC-DC converter parameter: The value of the inductor is 2.8mH.The ultracapacitor group is 60V/125F, two series connected, set the PWM frequency of the control system to 5K. Carry on load test, charge the super capacitor when the vehicle slows down or stop. Through the buck chopper circuit, the constant current charging of the bidirectional DC-DC converter.
When the motor vehicle accelerates or starts, the super capacitor is supplied to the inverter through a boost chopper circuit, and the actual voltage is 195V. Figure 6 shows the DSP output PWM debug waveform, and the bi-directional DC-DC converter system is stable.
Conclusion
Energy storage and regeneration bidirectional DC-DC converter system is Realized for rail vehicles, and the current and voltage double closed loop PI regulator control system has been successfully developed based on DSP. The hardware of the system is simple, modular strong, reliable operation, the recovery and reuse of brake energy are realized. The system has better engineering practicability and popularization value. 
